Introduction and background 53
Despite significant theoretical, experimental and computational advances, modelling 54 of contaminant transport in heterogeneous aquifers is still challenging and subject of 55 continuing debate in the scientific community [e.g., Hadley and Newell, 2014; Neuman, 56 2014; Molz, 2015] . Yet, accurate simulations of the fate of contaminants are needed to 57 address an ever growing demand for clean groundwater resources and an increasing 58 interest in the use of the subsurface for the storage of nuclear waste, CO 2 , and heat. 59
Transport of nonreactive solutes through porous media is traditionally modelled with 60 the advection-dispersion equation (ADE): 61 where t i,k is the transition probability from lithofacies i to lithofacies k, and x and h are the 211 spatial location and lag distance vectors. Because, from Equation (2), the occurrence of 212 lithofacies k at location x + h is only dependent on the occurrence of lithofacies i at 213 location x, three-dimensional continuous-lag Markov Chain models can be developed to 214 model discrete transition probabilities observed in the data. In this work, the fitting of a 215 3D Markov chain to the transition probabilities measured in the borehole data was 216 performed by adjusting embedded transition probabilities and mean length and thickness 217 values of lithofacies (Figure 2) . Because of the relatively small number of boreholes, the 218 estimation of mean length values from the plots of auto-transition probabilities in the 219 horizontal direction is characterized by a certain degree of uncertainty. Therefore, in order 220 to apply a more objective criterion for the estimation of the spatial correlation of the 221 lithofacies in the horizontal direction, we have chosen to apply an early lag data approach 222
[Carle and Fogg, 1997] in which the lag-one transition probability was used to compute 223 the Markov chain model. This fit also produces probabilistic estimates of the mean length 224 for each lithofacies (Figure 2a) . We also tested the sensitivity of the transport modelling 225 results with respect to this choice, especially regarding variations of the mean length of 226 lithofacies HCG. The results of this sensitivity analysis will be discussed later. The 227 calibrated Markov chain model also assumes isotropic behavior in the horizontal plane 228 and lithofacies SGf as the background category. Volumetric proportions of the lithofacies, 229
represented by the sill of the transiograms in the model, are also assumed equal to the 230 proportions exhibited by the borehole data. Modeled transition probabilities and values of 231 mean length and thickness for each lithofacies (Table 1) developed specifically for gravel and sand mixtures [Seiler, 1973] . In the subsequent 267 discussion, we will test the effect of this assumption on simulated transport behavior. In a 268 second step, descriptive statistics of the log transformed K estimates were computed for 269 the five lithofacies (Table 1) length is assumed to be one half of the value in Table 1 , we still observe a significantly 458 asymmetric mass distribution although the leading edge of the plume is about 40 m 459
shorter. This result indicates that even if a small range of mean length values would fit the 460 estimated auto-transition probabilities equally well for lithofacies HCG (Figure 2a) 
